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Homer Wright rosettes.  Courtesy of J. Carrillo-Farga



Outline 

• Development is the key.

• Cancer in children.

• The neural crest and its derivatives→ neurocristopathies.

• Peripheral neuroblastic tumors in children.  Pathology and salient 
biological features.



Development is the key

• The pediatric patient is an organism in development and as such, in 
Pediatric Pathology we need to incorporate the developmental angle 
if we want to understand diseases of children.

• This is especially true in all lesions derived from the neural crests.

• The spectrum of Neuroblastic Tumors is the best example of this 
need.



Cancer in children up to15 years of age
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https://seer.cancer.gov/csr/1975_2017/browse_csr.php?sectionSEL=29&pageSEL=sect_29_zfig.01
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“The only interesting thing about 
vertebrates is the neural crest”

Quoted in Thorogood, 1989, Trend Neurosci 12:38

The Neural Crests represent multiple 

caravans of migrants leading to 

melanization, peripheral innervation, cardiac 

septation and many other functions.
ⒸMiguel Reyes-Múgica



Neural Crest Cells and Axonal Specificity
Gilbert & Barresi. Developmental Biology, 
2006, 2016

Neural crest domains:

• Cephalic

• Trunk

• Vagal & Sacral

• Cardiac

https://youtu.be/Our-x4WS4JI

https://youtu.be/Our-x4WS4JI

https://youtu.be/Our-x4WS4JI
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Trunk-level neural crest derivatives

• Entire peripheral
nervous system

• glia

• neurons

• sheath/support
• Melanocytes

• Certain endocrine cells
• adrenal medulla

• calcitonin-secreting





Neurocristopathies

• Simple Neurocristopathies
• Dysgenetic

• Hyperpigmentary: cong. mel. 
nevi, lentigo, ephelides, café au 
lait spots, neurocutaneous
melanosis

• Hypopigmentary: albinism, part. 
alb. (piebaldism) 

• Hirschsprung, 
dysganglionoses

• Craniofacial mesectodermal
malf.: Treacher Collins S., 
Frontonasal dysp., acrofacial
dysost., Pierre Robin S., Facial 
clefting S., Fetal-alcohol S., 
retinoic embryopathy

• Neoplastic: Neuroblastoma, 
Med. Thyroid ca., 
Pheochromocytoma, Carotid body 
tumor, Paraganglioma, Retinal 
anlage tumor, PNET/Ewing Ss., 
meningiomas

• Complex Neurocristopathies

• Dysgenetic

• Waardenburg S.

• Waardenburg S. & HSCR

• Piebaldism & HSCR

• DiGeorge S. and variants

• Neoplastic

• von Recklinghausen D.(NF1)

• MEN2A & 2B

• Neoplastic and dysgenetic

• Nbl & HSCR, DiGeorge S. & 
von Recklinghausen D.

• Fam. Nbl & HSCR

• MEN2A & HSCR

Mod. from Bolande, 1974 & 1997

Robert P. Bolande, M.D.

(1926-2006)



A neurocristopathy is…

Clinical consequences of 
defects in neural crest cells

• Labiopalatine clefts
(1/1000)

• Cardiac outflow
malformations 
(1/300)

• Neuroblastoma (10% 
of pediatric cancers)

• Melanoma, 
schwannoma, 
pheochromocytoma
…

Peripheral
nervous system

C Cells
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Etchevers et al. Adv Exp Med Biol. 2006 589:213-34. Courtesy of Heather Etchevers
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Theodor Schwann
1808-1882
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Schwannoma CMN “neurotized”



Schwannoma

SOX10 CD56



Reyes-Mújica M, Masliah ME, Rosen BL. El neuroblastoma, 
conceptos actuales. Rev Fac Med Mex XXIV(4):19-33,1981. 

Neuroblastoma: current concepts (1981)



Neuroblastoma

Retroperitoneal

Mediastinal

NBL in situ:
0.55%
in autopsies of
Patients below 
3 months of age.

Beckwith JB, Perrin EV. 
Am J Pathol 1963
PMID: 14099453





General aspects

• Peripheral Neuroblastic Tumours (PNTs) belong to the 
sympathoadrenal lineage of neural crest-derived tissues.

• “Neuroblastoma” is an all-encompassing term for pNTs. 

• Four categories, according to the International Neuroblastoma 
Pathology Committee:

• Ganglioneuroma (Schwannian stroma-dominant) 

• Ganglioneuroblastoma, intermixed (Schwannian stroma-rich)

• Ganglioneuroblastoma, nodular (composite, Schwannian stroma-rich/stroma-
dominant and stroma-poor)

• Neuroblastoma (Schwannian stroma-poor) 



Classification of “Other” solid tumors

• We have taken the developmental approach as much as possible.

• Children are developing organisms, undergoing multiple and marked 
changes at a speed often inversely proportional to the age of the 
patient

• Congenital and neonatal tumors occur in immature tissues, where the 
histological similarities between fetal structures and their neoplastic 
counterparts may not be immediately obvious: the “Blastomas”: 

• Neuroblastoma, nephroblastoma, hepatoblastoma, pancreatoblastoma, 
gastroblastoma.



A to D: Fetal adrenal gland at 21-22 weeks of gestation. 

A) Migrating neural crest cells penetrate through the mesodermally-
derived fetal adrenal cortex homing into the future adrenal medulla 
(H&E; original magnification 200X). 

B) SOX10 immunohistochemical stain highlights the nuclei of migrating 
neural crest cells at the periphery of the migratory clusters, representing 
future Schwann cell precursors (SOX10 immunohistochemistry; original 
magnification 100X). 

C) Migrating neural crest cells forming a Homer Wright rosette, 
indistinguishable from a similar structure in a poorly differentiated 
neuroblastoma (see E & F). Note the fine cytoplasmic prolongations of the 
future adrenal medullary cells in the centre of the rosette (H&E; original 
magnification 400X). 

D) PHOX2B immunohistochemical stain showing strong nuclear reactivity in 
the migrating neural crest cells of the future foetal adrenal medulla 
(PHOX2B immunohistochemistry; original magnification 100X). 

E and F: Poorly differentiated neuroblastoma from a 1-year-old patient. 

E) Several Homer Wright rosettes are seen with their characteristic central 
area of neuropil (H&E; original magnification 400X). F) PHOX2B immuno-
histochemical stain highlighting the nuclei of the neoplastic neural crest 
cells (neuroblasts) in multiple Homer Wright rosettes (PHOX2B 
immunohistochemistry; original magnification 200X)



Pediatric Peripheral Neuroblastic Tumor Spectrum

Ganglioneuroma Ganglioneuroblastoma intermixed Ganglioneuroblastoma nodular Neuroblastoma



Ganglioneuroma

• Benign end of the spectrum.  

• Composed of Schwann cells with scattered ganglion cells.

• Two variants: 
• Mature: all ganglion cells are fully mature.
• Maturing: some ganglion cells show mild immaturity features.

• Most common in thorax.  Metastasis of previous neuroblastoma with maturation 
may present is unusual sites.

• Most are incidental discoveries. Non-functional hormonally.

• More frequent in older children (median age of 6 years) and young adults. 

• Interactions between ganglion cells and Schwann cells are thought to explain the 
mature appearance and benign behavior. 

• Currently, all ganglioneuromas are thought to have been neuroblastomas which 
progressed toward maturation



Ganglioneuroma



Ganglioneuroma



Ganglioneuroma
Histology

• Different from GN in the soft tissue counterpart (moving target).

• >50% of tumor is composed of sheets or fascicles with well 
differentiated Schwann cells. 

• Focal or small groups of mature/maturing ganglion cells.
• Maturing ganglion cells: variable size; occasionally multinucleated. 

• Rare neuroblasts with signs of maturation without nesting.

• No neuropil.

• Mature ganglion cells surrounded by amphicytes (capsular or satellite cells). 

• Common foci of lymphocytes.

• No mitotic activity.











Ganglioneuroblastoma
Intermixed

• Peripheral neuroblastic tumour at the middle point of the neuroblastic
tumor spectrum.

• Also known as “Schwannian stroma-rich intermixed tumor” 
• Predominantly in abdomen/retroperitoneum (adrenal).  May occur in many 

other locations of sympathetic nature.
• Predominantly older children (median age is 6 YO). 
• Most are not hormonally active
• Neuroblastomas may mature into GNB. 
• GN and GNB represent 25% of peripheral neuroblastic tumors. 
• Considered low-risk, with low metastasizing potential, but not sensitive to 

chemotherapy.



Ganglioneuroblastoma, intermixed
Histology

• Abundant (>50% of tumor) Schwannian stroma (ganglioneuromatous
component) 

• Scattered foci of neuroblasts with variable degrees of maturation.
• Well-defined clusters of neuroblasts set in neuropil surrounded by 

Schwannian stroma and variably maturing/mature ganglion cells. 
• The different components are mixed without particular separation from 

one another (intermixed).
• Touch preps reveal ganglion cells, neurooblasts and Schwann cells.
• Rare MYCN amplification (<1%). 
• Neuroblasts may show chromosomal aberrations
• Most are diploid due to abundant stroma.



Ganglioneuroblastoma, intermixed

PgP9.5



Ganglioneuroblastoma



Ganglioneuroblastoma, nodular and other 
composite neuroblastic tumors.

• Not recommended: composite ganglioneuroblastoma.

• Location is similar to other PNTs. 

• Frequently presents in the abdomen.  May have extensive 
metastases.

• GNBn represents 5-10% of PNTs. 

• Most patients are above 18 months of age. May occur in adults.

• Some authors believe that the nodule(s) represent clones with 
additional genetic abnormalities, but this is still not confirmed.



Ganglioneuroblastoma, nodular



Ganglioneuroblastoma, nodular
Histology

• GNBn shows macroscopic nodules formed by neuroblasts, surrounded by 
ganglioneuromatous elements. 

• Nodular neuroblastic component with non-nodular Schwannian elements 
(stroma rich). 

• Abrupt demarcation between the two components. 

• Mitosis/karyorrhexis index (MKI) varies from low to high. 

• The neuroblastic nodule determines whether it is of favorable or 
unfavorable histology.  Each nodule should be analyzed independently for 
MKI in the context of age.

• Different areas may show MYCN amplification.

• Prognosis is generally unfavorable (60 to 83%).



Ganglioneuroblastoma, nodular



Ganglioneuroblastoma, nodular



Neuroblastoma

• PNT derived from the neural crest, with <50% of Schwannian stroma.

• Subtypes:
• Undifferentiated (3%): lymphoma appearance.
• Poorly differentiated (89%): less than 5% of ganglion cell differentiation.
• Differentiating (8%): 5-50% of ganglion cell differentiation. 

• Adrenal (40%), abdominal extra-adrenal (25%), thoracic (15%), Cervical 3-5%.  In 
1% of patients the primary is not detectable.

• Variable symptoms depending on location and hormonal activity.  

• Associated with Verner-Morrison sx. (diarrhea caused by VIP), Horner sx. (unil. 
ptosis, enopththalmos, myosis), opsoclonus-myoclonus-ataxia sx., hypertension. 

• Ondine’s curse and Hirschsprung disease (Haddad sx.) can be associated with 
neuroblastoma in cases of PHOX2B mutations.  



“…aggressive NB is associated
with higher urinary levels of DA, VMA, HVA, and
NE…”

“…there appears to be a subset of NB in which a possible
blockade in DA metabolism is associated with poor prognostic
features (12 months, stage 4, UH, and MYCN
amplification)…”

“A seemingly novel observation in our
study is that all high DA/HVA and DA/VMA ratios were
obtained in stage 4 tumors, suggesting an association
between the inability to metabolize DA and the acquisition
of metastatic potential.”

“…we would like to emphasize the importance of determining
not only DA, HVA, and VMA urinary levels, to support the
diagnosis of NB, but also DA/HVA and DA/VMA ratios as a
rapid initial assessment of prognosis in these patients.”



Neuroblastoma



Neuroblastoma histology

• The undifferentiated neuroblasts can look like lymphocytes, prototypical 
“small round ‘blue’ cell tumor”.

• As the differentiation progresses, features of immature ganglion cells 
appear. 

• Neuropil and Homer Wright rosettes are classic findings. 
• Nuclei have a “salt & pepper” appearance.
• Schwannian stroma is present is septa when there is a nodular 

arrangement.  This can be highlighted by S-100 IHC.
• There are variable phenotypes, with large cells, pleomorphism, fusiform 

and pseudo-rhabdoid features.  Large cell NBL is a highly aggressive 
subtype.

• Cytological analysis is NOT recommended due to heterogeneity. 



Neuroblastoma



Neuroblastoma

Homer Wright rosettes.  Courtesy of J. Carrillo-Farga.



Neuroblastoma



Neuroblastoma, epidemiology

• PNTs: 3rd. most common malignant tumor of childhood, only 
surpassed by leukemias and brain tumors. 

• PNTs: most common neoplasm in the first year of life.

• PNTs: most common solid tumors in the first 2 years of life outside of 
the brain. 

• PNTs have a prevalence of 1 per 7,000 live births in the USA

• PNTs have a male:female=1.2:1 ratio

• Familial PNTs are rare, representing approximately 1-2%, most 
showing ALK (2p23) mutations, with incomplete penetrance (approx. 
50%). 



Neuroblastoma, etiology

• Genetic and epigenetic events lead to transformation of neural crest cells, 
causing neuroblastoma, but details remain poorly understood. 

• Due to their onset in the very young, and based on the evidence of 
neuroblastoma in situ, these tumors are considered to start in utero, but 
more research is needed.

• Several important drivers in tumorigenesis for neuroblastoma include 
MYC and ALK overexpression, and a deficient telomere 
maintenance/elongation.

• Familial neuroblastoma occurs as an autosomal dominant disorder 
characterized by neuroblastic tumours that harbour constitutive activating 
germline mutations in the anaplastic lymphoma kinase gene (ALK), located 
on chromosome 2p23



Neuroblastoma pathogenesis

• MYCN (2p24.3) is an important driver of NBL oncogenesis.

• Between 20 to 25% of NBLs show MYCN amplification (aka “MNA”). 

• The MYCN locus appears as “double minute” chromosomes (DMs), or 
intrachromosomal homogenously staining regions (HSRs). 

• FISH analysis establishes amplification of MYCN when the normal 
complement of 2 signals in chromosome 2 is increased fourfold or more.

• There are cases with gains (increased signals but less than fourfold), or 
non-amplified. 

• Heterogenous intra-tumoral MYCN amplification is associated with an 
aggressive phenotype. 



Neuroblastoma and MYCN

• MYCN-amplification is associated with advanced stage and aggressive behavior.

• MYCN-amplified tumors are of the undifferentiated or poorly differentiated subtypes, 
have a high MKI and fall into the unfavorable histology group (Shimada classification).

• Most (90%) MYCN-amplified NBLs overexpress MYCN protein. 

• Rarely, NBLs show MYCN-amplification but no protein overexpression. 

• Recently, MYCN protein overexpression (not MNA)has been recognized as the most 
important determinant of tumor aggressiveness.

• A few (~10% ) NBLs overexpress MYC (aka C-myc) protein, but MYC amplification is 
extremely rare. 

• NBLs with increased expression of either MYC or MYCN proteins (~20%) are very 
aggressive and frequently show prominent nucleoli, considered responsible for 
MYCN/MYC RNA synthesis and accumulation. 

• Due to nucleolar hypertrophy, these MYC-driven NBLs also show “salt-and-pepper” 
nuclei, making them indistinguishable from common NBLs. 



Ambros PF, Ambros IM, Brodeur GM, et al. International consensus for neuroblastoma molecular diagnostics: 
report from the International Neuroblastoma Risk Group (INRG) Biology Committee.
Br J Cancer. 2009;100(9):1471-1482. doi:10.1038/sj.bjc.6605014





Relevant IHC in Neuroblastic Tumors of Children

• Synaptophysin

• Chromogranin

• Protein gene product 9.5

• CD56

• Neurofilaments

• Neuroblastoma marker (NB84) 

• Neural crest markers: 
• Tyrosine hydroxylase
• PHOX2B 

• PHOX2B: most reliable, even for undifferentiated subtype 

• Negative markers for other small round-cell tumours is recommended, especially in 
undifferentiated NBL

• S100 stains Schwannian stroma and Schwann cells precursors in fibrovascular septa



Other factors influencing NBL biology

• Telomere maintenance/elongation:
Telomerase 

Adds short, repeated sequences at the end of chromosomes (telomeres)
Its expression is associated with cellular “immortality”
Up to 94% of neuroblastomas express telomerase; it is associated with MYCN amplification 
and bad prognosis

• ALK abnormalities (mutation, amplification), important in hereditary NBLs.

• 1p deletion, 11q deletion, 17q gain, are important in MYCN-non amplified NBLs

• Flow cytometry for DNA ploidy analysis:
Diploid and tetraploid tumors = poor prognosis
Hyperdiploid and particularly triploid tumors = favorable prognosis
Hypodiploid tumors = rare

• 6q loss associates with NBLs of extremely aggressive behavior. 

• Many others: TRK-A, DCC, CD44, etc. 



Picarsic, Nikiforova & Reyes-Múgica, 2012.



NBL subgrouping of unfavorable histology

• Unfavorable histology NBLs form a heterogeneous: 
• MYC subgroup (overexpressing MYCN or MYC protein). 

• TERT subgroup (TERT overexpression due to genomic abnormalities).

• ALT subgroup (ALT phenotype due to ATRX loss).

• Null subgroup. 

• These can be determined by IHC for their protein markers which 
hopefully will allow targeted precision therapy 



Prognostic categories 
Int. Neuroblastoma Pathology Classification

Grade of Differentiation Mitoses-Karyorrhesis Index Age at diagnosis

MKI

Undifferentiated 
(looks like lymphoma)

Any 0-18 Ms.             18 Ms-5 Ys.              > 5 years

Poorly Differentiated Low: <100/5000 cells
Intermediate: 100-200/5000 cells

High: >200/5000 cells

Favorable            Unfavorable        Unfavorable
Favorable
Unfavorable       Unfavorable        Unfavorable

Differentiating Low: <100/5000 cells
Intermediate: 100-200/5000 cells

High: >200/5000 cells

Favorable           Favorable    Unfavorable
Favorable           Unfavorable
Unfavorable       Unfavorable        Unfavorable



Clinical types of neuroblastic tumors

Age <1 year >1 year >1 year

DNA Aneu/Trip 2N/4N 2N/4N

MYCN No amplif. No amplif. >10

TRK-A High Variable Low/neg.

1P- Negative Positive Positive

Stage 1, 2, 4S 3, 4 3-4

Survival 95% 25-50% 5%



Spontaneous regression of neuroblastoma



Miguel Reyes-Múgica & Hiroyuki Shimada, LA, 2019

Kara Lombardo, Rita Alaggio, Cláudia M. Salgado, 
Martha Cohen, Hiro Shimada and Miguel Reyes-Múgica.
LA, 2020. 


